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Introduction
Industrial activities have increased N 2 O (greenhouse gas) emissions significantly [1] [2] [3] [4] . N 2 O gas has negative impact on the stratospheric ozone layer and has been identified in the Kyoto protocol as a target molecule for greenhouse gas (GHG) emission reduction [5, 6] . Projects for N 2 O mitigation can effectively reduce emissions from stationary sources (nitric and adipic acid plants) [7] .
Panov and coworkers used N 2 O as an oxidant for selective oxidations of various hydrocarbons [8] .
Earlier, Wood et al studied CH 4 oxidation with N 2 O over Fe/Al-MFI forming surface methoxy groups, which eventually decomposed into H 2 and CO at elevated temperature [9] . The concentration of N 2 O in exhaust stream of adipic acid plants is quite high (20 -60 %) [10] . The use of waste N 2 O stream for partial oxidation of CH 4 to synthesis gas is proficient solution for clean environment and energy generation.
The catalytic partial oxidation of CH 4 was first reported in 1929 [11] , with continuing interest from industry and academia in its development and commercial deployment [12] . Ideally, the catalytic partial oxidation of CH 4 is described by reaction; CH 4 + ½O 2  CO + 2H 2 . However, the reaction mechanism is very complex and has been studied extensively using various transition and noble metal catalysts with different supports [13] . Thermodynamically, the higher selectivity of synthesis gas (produced from CH 4 partial oxidation) is favoured at higher temperatures (>1000 °C) [14] . The production of synthesis gas at relatively moderate temperatures was recently reported where the researchers used multiple catalysts with different metal promoters and cobalt loadings [13, 15] .
In this paper, the catalytic partial oxidation of CH 4 to synthesis gas was investigated using N 2 O as oxidant. The dissociation of N 2 O during catalytic reaction is a complex process and is expected to influence the partial oxidation mechanism of CH 4 [16, 17] . We identified catalyst preparation A C C E P T E D M A N U S C R I P T
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procedures and speculate on active sites in the catalyst that facilitate the conversion of CH 4 to synthesis gas by partial oxidation with N 2 O over Co-ZSM-5 catalysts. 4 -ZSM-5 was same as given in ion exchange method) and the pH was maintained at 8 [19] . The process of cobalt loading (at pH of 8) was repeated 3 times (Co-ZSM-5 (S.P.) ).
Experimental

Catalyst preparation
c) Incipient wetness impregnation was also used for loading cobalt onto a ZSM-5 support [20, 19] . A mass of 2.50 g of cobalt (II) nitrate hexahydrate was dissolved in 1 ml of demineralized water.
The cobalt solution was added drop wise to 9.5 g NH 4 -ZSM-5 in order to obtain a paste. The prepared catalyst is identified as Co-ZSM-5 (I.W.) .
All catalysts were dried at 110 °C.
Catalytic measurements
All prepared catalysts were collected in ceramic boats and placed in a furnace and subsequently calcined at 550 °C (with ramp rate of 3 °C/min) for 3 hours and then were cooled to room temperature. 
Catalyst characterization
A Varian 715 ES unit was used for elemental analysis. The ex-situ X-ray photoelectron spectroscopy (XPS) of the prepared cobalt zeolite samples was carried in a ESCALAB250Xi unit (Thermo Scientific). Background vacuum was better than 2×10 -9 mbar. Spectra were collected using monochromatic Al K α radiation (energy 1486.68 eV) with a spot size of 500 µm. A JEOL 2100La86 unit was used for energy dispersive X-ray spectrometer (EDS) analysis.
3.
Results and discussion conversion. Note that we observed a significant increase in CO concentration at temperatures higher than 500 °C. The molar ratio of H 2 /CO was approximately 2 at temperatures above 500 °C. and an increase in CO concentration, the activity was stable for 5 hours as shown in Figure 3 . In order to study the effect of catalyst support and oxidant type, a feed composition of 1% CH 4 , 4 % N 2 O, and 95% He (total reactant feed flow 230 cm 3 /min) was reacted over different catalyst as shown in Table 1 . We found that only cobalt modified ZSM-5 was selective to H 2 production. The increase of Si/Al ratio of ZSM-5 zeolite proportionally increases β sites [22] . We suggest that the cobalt β sites are more suitable for H 2 formation due to significant variation in bond strength between the cobalt and exchange sites (α, β, and γ) [22] . At higher Si/Al ratio, the percent exchange of cations increases and is expected to improve selectivity [23, 24] . Under similar experimental conditions as shown in Table   1 , the conversion of CH 4 over Co-ZSM-5 (Si/Al = 140) catalyst was lower as compared to Co-ZSM- 
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In Table 2 , we compiled the physical, chemical characterisation and activity data for the cobalt catalysts. The micropore volume and external surface area of the support (H-ZSM-5; after calcination) decreased and increased respectively with cobalt loading. Ion exchange (I.E.) increased the external surface area as compared to cobalt deposition by precipitation (S.P.) and incipient wetness (I.W.). The external specific surface area was increased during the exchange process, suggesting a reduction in the particle size.
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